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It has been hypothesized that biogeographical boundaries are a feature of Burkholderia pseudomallei ecology, and they impact
the epidemiology of melioidosis on a global scale. This study examined the relatedness of B. pseudomallei sourced from islands
in the Torres Strait of Northern Australia to determine if the geography of isolated island communities is a determinant of the
organisms’ dispersal. Environmental sampling on Badu Island in the Near Western Island cluster recovered a single clone. An
additional 32 clinical isolates from the region were sourced. Isolates were characterized using multilocus sequence typing and a
multiplex PCR targeting the flagellum gene cluster. Gene cluster analysis determined that 69% of the isolates from the region
encoded the ancestral Burkholderia thailandensis-like flagellum and chemotaxis gene cluster, a proportion significantly lower
than that reported from mainland Australia and consistent with observations of isolates from southern Papua New Guinea. A
goodness-of-fit test indicated that there was geographic localization of sequence types throughout the archipelago, with the ex-
ception of Thursday Island, the economic and cultural hub of the region. Sequence types common to mainland Australia and
Papua New Guinea were identified. These findings demonstrate for the first time an environmental reservoir for B. pseudomallei
in the Torres Strait, and multilocus sequence typing suggests that the organism is not randomly distributed throughout this re-
gion and that seawater may provide a barrier to dispersal of the organism. Moreover, these findings support an anthropogenic
dispersal hypothesis for the spread of B. pseudomallei throughout this region.
Burkholderia pseudomallei is a Gram-negative bacterium andthe etiological agent of melioidosis. Soil and various freshwa-
ter sources serve as the primary reservoir for B. pseudomallei (1);
temporal and spatial clustering ofmelioidosis cases reflects a non-
random prevalence of the organism in the environment (2, 3).
Once considered endemic to only the dry tropical regions of Aus-
tralasia and Southeast Asia, this serious disease is now reported
more frequently from more regions of the globe (4). While it is
clear that more frequent reporting is partially attributable to an
increasing awareness of melioidosis in developing nations, evi-
dence is mounting which supports a hypothesis that anthropo-
genic influences can contribute to the dispersal of melioidosis and
its establishment in new regions (5–7).
Molecular typing of B. pseudomallei strains using multilocus
sequence typing (MLST) has revealed patterns of broad-scale geo-
graphical partitioning between Australian and Southeast Asian
isolates (8–11), while more recent whole-genome typing has indi-
cated an Australian evolutionary origin of the organism (12).
Moreover, a lateral gene transfer event in the evolutionary history
of B. pseudomallei has been identified which broadly conforms to
these expectations; Australian isolates are more likely to encode
the ancestral B. thailandensis-like flagellum and chemotaxis gene
cluster (BTFC) while isolates from Asia almost exclusively carry a
Yersinia-like fimbrial gene cluster (YLF) (13). We recently re-
ported that isolates of B. pseudomallei from theWestern Province
of Papua New Guinea (PNG) are not only distinct by MLST but
also demonstrate a narrow genetic diversity in contrast to isolates
from mainland Australia (14), most likely resulting from long-
term geographical separation. Together, these studies have indi-
cated that B. pseudomallei dispersal occurs with relative ease over
terra firma yet is hampered by relatively narrow passages of sea-
water, findings thatmirror observations ofmacro flora and fauna.
The Torres Strait Archipelago is a 150-km-wide body of water
and at least 274 individual islands separating mainland Australia
from Papua New Guinea (Fig. 1). The islands are believed to have
become isolated from the Australian mainland by rising sea levels
between 8,000 and 6,000 years before the present (15, 16). Badu is
the third largest of these islands and comprises part of the Near
Western Island cluster (Fig. 1), an area identified as a focus of
clinical melioidosis (17, 18). In the 2000–2007 period, there were
at least eight cases of culture-confirmed melioidosis on Badu Is-
land alone from a population of some 950 inhabitants (Australian
Bureau of Statistics, personal communication). Despite the high
incidence of disease, an environmental reservoir forB. pseudomal-
lei has not been demonstrated in the region.
Given the anthropogenic and paleogeographical history of the
region, it is likely that the Torres Strait Archipelago represents a
unique opportunity for studying the biogeography of melioidosis
in an isolated island setting. The aims of this study were therefore
to identify an environmental reservoir for melioidosis in the Tor-
res Strait and to examine the diversity of B. pseudomallei from the
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archipelago to ascertain anthropogenic and biogeographical fac-
tors that may influence the distribution of the organism.
MATERIALS AND METHODS
Ethics statement. All clinical isolates originated from diagnostic speci-
mens, and as such, patients did not provide written informed consent.
Consent for the collection of environmental isolates fromBadu Islandwas
obtained from the Torres Strait Island Regional Council and from the
local council on the island.
Clinical isolates. Isolates for this study were sourced from culture-
confirmed melioidosis cases referred to the Cairns Base Hospital and the
Townsville General Hospital from the Torres Strait Region of northern
Australia during the 1996–2011 period. In this study we defined the
Torres Strait region as ranging from the township of Bamaga at the tip
of Cape York Peninsula northwards to Boigu Island but excluding
mainland Papua New Guinea (Fig. 1). Bacteria stored at 80°C in
glycerol were plated onto Ashdown’s selective agar (19) and cultivated
at 37°C for 48 h.
Sampling strategy and isolate recovery.Environmental samples were
collected from various locations only on Badu Island in lateOctober 2011,
nearing the end of the dry season in northern Queensland.Water samples
(n 10) were obtained from individual water wells. Samples were stored
in 70-ml specimen jars at 25°C and further processed on return to the
laboratory. Topsoil (n 70) was collected from 300-mm depths at vari-
ous sites on the island. At each sampling point, a single aliquot of soil was
collected into ziplock bags using an auger that was scrubbed and then
sanitized with Virkon (Antec International, United Kingdom) between
bores. Global positioning system (GPS) coordinates were recorded for
each sample and the location marked for future reference.
Samples were processed as previously described (20). More specifi-
cally, water samples (50 ml) were transferred aseptically to an equal vol-
ume of double-strength Ashdown’s broth (21) containing 15 g/liter tryp-
tone (Oxoid, Australia), 5 mg/liter crystal violet, and 50 mg/liter colistin
(Sigma, Australia) into 500-ml conical Pyrex culture flasks, which were
sealed and then incubated at 37°C with agitation at 100 rpm for 24 h. Soil
samples (10 g) were cultivated in sealed 70-ml specimen jars (Sarstedt,
Germany) containing 50 ml of single-strength Ashdown’s isolation broth
under the same conditions as the water samples. After broth enrichment
of soil and water samples, a single-use 10-l inoculation loop (Sarstedt,
Germany) of culture broth was removed and subcultivated onto Ash-
down’s agar in a streak-plate fashion. Incubation at 37°C for 24 h on the
agar was performed to further enrich B. pseudomallei, lowering the con-
centration of PCR-inhibiting compounds relative to the original soil en-
richment broth (our unpublished data). Single, large loops of the primary
inoculumwere scraped from the agar and suspended in 50l of PrepMan
Ultra sample preparation reagent (Applied Biosystems, USA) in 1.5-ml
O-ring screw-top microcentrifuge tubes (Sarstedt, Germany), vortexed
vigorously, and then incubated in a block heater at 100°C for 10 min.
Samples were centrifuged at 16,000 g for two min and the supernatant
was removed to new 1.5-ml O-ring screw-topmicrocentrifuge tubes. No-
template controls were prepared in triplicate utilizing PrepMan Ultra
sample preparation reagent without the addition of bacterial inoculum
and were processed as for the other samples.
Burkholderia pseudomallei DNA was detected using quantitative real-
time PCR (qPCR) targeting a 115-base-pair region within orf2 of the type
III secretion system, as described by Novak et al. (22) on a Rotor-Gene
6000 series thermocycler (Corbett Life Science, Australia). The assay has
previously been determined to be significantly more sensitive than culti-
vation-based techniques, with no evidence of false-positive results (23).
Briefly, 20-l reactions consisted of 1 GoTaq colorless master mix
(Promega, Australia), 256 nM 6-carboxyfluorescein (FAM)-black hole
quencher (BHQ)-labeled probe (BpTT4208P [5=-FAM-CCGGAATCTG
GATCACCACCACTTTCC-BHQ-3=]), 400 nMeachprimer (BpTT4176F
[5=-CGTCTCTATACTGTCGAGCAATCG-3=] and BpTT4290R [5=-CG
TGCACACCGGTCAGTATC-3=]) and molecular biology-grade H2O
(Sigma, Australia) to 20 l. The template was 1 l of PrepMan Ultra
sample preparation reagent as previously prepared (including DNA ex-
traction controls) or molecular biology-grade H2O (Sigma, Australia) for
qPCR no-template controls. Cycling comprised an initial denaturation
period of 3min at 95°C, followed by 45 cycles of 95°C for 15 s and 59°C for
15 s. Recovery of B. pseudomallei from PCR-positive environmental sam-
ples (n 1) was performed by suspending 10 g of soil in 10 ml of distilled
water prior to plating 50l of the water slurry (water samples were plated
directly) onto modified Ashdown’s agar (19) containing 15 g/liter techni-
cal agar no. 3 (Oxoid, Australia), 15 g/liter tryptone (Oxoid, Australia), 40
ml/liter glycerol (Ajax Finechem, Australia), 5 mg/liter crystal violet, 50
mg/liter neutral red, and 50 mg/liter colistin (Sigma, Australia). Plates
were observed at 24-h intervals over 7 days for the presence of B. pseu-
FIG 1 Map of Australasia and the Torres Strait. (A) During the last glacial maximum (21,500 years ago). The shaded regions represent what was dry land
during the period. Note that Australia and PNG composed a single continent (Sahul) and that most of Southeast Asia (Sunda) was linked by land bridges
(30). (B) The Torres Strait lies between Australia and New Guinea and comprises some 274 individual islands. The number of isolates collected from each
island (Is.) are shown in parentheses. Panel B was adapted from a map by the Department of Agriculture, Fisheries and Forestry, Australian Government,
with permission.
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domallei colonies. Suspect colonies (n  4) were subcultured for confir-
matorymolecular identification using the same qPCR as described above.
DNA extraction and strain typing. Large, single colonies from each
plate were removed to 1.5-ml O-ring screw-top microcentrifuge tubes
(Sarstedt, Germany) containing 500 l of lysis buffer (Corbett Robotics,
Australia) and 50 g of proteinase K (Sigma, Australia). Tubes were in-
cubated at 55°C for 2 h in a Hybaid Shake ‘n’ Stack hybridization oven
(Thermo Electron Corporation, USA) with the rotisserie set to the lowest
setting. Following lysis, tubes were supplemented with 250 l of 10 M
guanidine hydrochloride and then passed through an RBC genomic DNA
extraction kit spin column (Real BiotechCorporation, Taiwan), with sub-
sequent purification per the manufacturer’s directions. DNA was quanti-
fied and qualified by a NanoPhotometer (Implen, Germany).
PCRs for MLST were performed in 200-l thin-walled PCR tubes
(Sarstedt, Germany) using standard reagents from Real Biotech Corpora-
tion (Taiwan). The tubes contained 50 ng template DNA, 1 buffer (con-
taining 2 mM MgCl and bovine serum albumin [BSA]), 400 nM each
primer (Sigma, Australia), 0.2 mM deoxynucleoside triphosphates
(dNTPs), 0.25 U Taq polymerase, and molecular biology-grade H2O
(Sigma, Australia) to 30 l. Primers for MLST were as described previ-
ously (9), with the recommended amendments listed on the B. pseu-
domalleiMLST website (http://bpseudomallei.mlst.net). Thermal cycling
was performed by using a Mastercycler (Eppendorf, Germany) and com-
prised an initial denaturation period of 3 min at 95°C, followed by 40
cycles of 95°C for 30 s, 62°C for 30 s, and 72°C for 30 s and a final elonga-
tion of 72°C for 10 min. Sequencing products were analyzed by electro-
phoresis using a 1.5% agarose gel to ascertain correct fragment size, con-
centration, and purity against a 100-bp DNA marker (Real Biotech
Corporation, Taiwan). Sequencing reactions generating insufficient or
multiple products were discarded and repeated. Reaction mixtures were
purified and sequenced by Macrogen (Seoul, South Korea), using an ABI
Prism 3700 automated sequencing instrument (Applied Biosystems, Fos-
ter City, CA). New alleles and all sequence types (STs) from this study
were submitted to the B. pseudomallei MLST website curator and have
been included in the database for reference (http://bpseudomallei.mlst
.net).
Detection of BTFC and YLF gene clusters was performed using the
multiplex real-time PCR melt procedure as previously described (13).
Briefly, 15-l PCRs were performed in duplicate in RotorDisc 72 reaction
vessels (Corbett Robotics, Eight Mile Plains, Australia). Reactions com-
prised Real Biotech Corporation reagents and contained 5 ng template
DNA, 1 PCR buffer (containing 2 mM MgCl and bovine serum albu-
min), 300 nM each primer, 0.2mMdNTPs, 0.25UTaq polymerase, 5M
Syto 9 (Invitrogen, Mulgrave, Australia), and molecular grade H2O
(Sigma, Australia) to 15 l. Real-time PCR cycling was performed on a
Rotor-Gene 6000 (Corbett Robotics, Eight Mile Plains, Australia) appa-
ratus with an initial denaturation period of 2 min at 95°C followed by 40
cycles of 95°C for 15 s and 60°C for 30 s. Melt analysis was performed
postamplification by ramping amplicons from 65°C to 95°C in 0.2°C in-
crements, with fluorescence acquisition on the FAM channel (excitation
at 470 nm, detection at 510 nm). Melt peaks at 80°C and 88°C were con-
sidered indicative of BTFC and YLF gene clusters, respectively. Statistical
comparison of fimbrial gene cluster prevalence to those reported else-
where (13) was performed by OpenEpi software (version 2.3.1) using
Fisher’s exact test.
Phylogenetic analysis. The relatedness of isolates to each other and to
those from other parts of the globe was determined using eBURST v3
software (24)with eBURSTdiagrams constructed using the entireB. pseu-
domalleiMLST data set. As of September 2012, the database encompasses
some 960 distinct STs frommore than 2,800 isolates and at least six other
closely related species. Further phylogenies were interpreted by analysis of
all seven MLST loci, which were joined in-frame to produce a concate-
nated sequence of 4,401 bp. Concatenated sequences were aligned using
Geneious version 3.6.1, and dendrograms were constructed using the
neighbor-joining algorithm provided by PAUP version 4.0 (Sinauer As-
sociates, Sunderland, MA) with the Tamura-Nei nucleotide substitution
model. Statistical support for the dendrograms was provided by boot-
strapping 1,000 times.
Sequence type distribution was tested for randomness using the chi-
squared goodness-of-fit statistic. If STs were randomly distributed, then
the chi-squared expected value was estimated from the probability of
randomly sampling one of the numbers of STs found in the Torres Strait,
with an increasing expectation of sampling another type with subsequent
sampling. For each geographic location, the first sampled ST was des-
ignated the pattern against which all other samples were assessed. If the
next sample was not identical to the first sample, then both patterns
were used to assess subsequent samples and so forth until all samples
were assessed.
RESULTS
Analysis of soil (n  70) and water (n  10) from Badu Island
identified a single PCR-reactive soil sample (1.4% [99% confi-
dence interval, 0.04 to 7.7]) that was collected adjacent to the
residence of a historical human case of melioidosis (P. Ahmat,
personal communication; clinical isolate not available for this
study). From this reactive sample, four B. pseudomallei isolates
were recovered and identified as a single clone by MLST. An ad-
ditional 32 clinical isolates ofB. pseudomalleiwere obtainedwhich
originated from patients who were residents of the Torres Strait
region of northernQueensland (Table 1). Nine isolates (including
the single environmental isolate) were obtained fromBadu Island,
five fromMoa Island, and four fromMabuiag Island. These three
islands compose the Near Western Island cluster in the Torres
Strait. Additional isolates were obtained from the Inner Islands
(Thursday Island, n 6; Hammond Island, n 2) andCape York
Peninsula (Bamaga, n 3), and a single isolate was obtained from
each of three additional Islands (Boigu and Saibai Islands in the
Top Western Island cluster and Yam Island in the Central Island
cluster).
Genotyping with MLST resolved 22 sequence types (0.73 ST/
isolate), 12 of which had not been previously documented (data-
base accessed in October 2011). The remaining sequence types
(n  10) were identical to previously characterized Australian
isolates (n  8), an environmental isolate from Thailand (Badu
Island, isolate TSI6, ST89 [n 1]) and a clinical isolate from Port
Moresby, Papua NewGuinea (Badu Island, TSI5, ST248 [n 1]).
Multiple sequence types (n  5) were found to be identical to
previously characterized isolates from the Northern Territory.
Analysis of the data using eBURST against the entire MLST
database demonstrated a high level of diversity, with isolates
spread throughout branches of the eBURST diagram and scat-
tered around the perimeter without association (Fig. 2). The
grouping of isolates in the primary eBURST cluster did not con-
form to a simple pattern of radial expansion, but instead, isolates
were dispersed among clonal complexes composed of other
Australian isolates. For concatenated MLST sequence data,
phylogenetic reconstructions obtained using the neighbor-
joining algorithm yielded nodes with poor bootstrap support
and dendrograms dominated by collapsed branches.
By fimbrial gene cluster analysis, we determined that 11 of the
33 isolates harbored theYLF gene cluster (33%),while the remain-
ing 22 contained the BTFC cluster (67%) (Fig. 1). A single ST
(ST610) was represented by two isolates, one of which carried the
YLF gene cluster (Yam Island, TSI32) while the other carried the
BTFC gene cluster (Thursday Island, TS68). Nonrandom distri-
bution of isolates was demonstrated by fimbrial gene cluster anal-
Baker et al.
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ysis. From13 STs (n 18) collected from theNearWestern Island
cluster, a single sequence type (ST237, represented by three iso-
lates) carried the YLF gene cluster. Genotypes carrying the YLF
cluster were identified in half (n 3) of the Thursday Island STs
and in the single Bamaga ST, mainland Australia, which was also
represented by three clinical isolates.
Of the 22 sequence types resolved, six were represented by
multiple isolates and accounted for 17 of the clinical isolates. Non-
random distribution of these STs was apparent, with four of the
STs represented on only a single island (from 11 isolates); how-
ever, three of these STs have been reported outside the Torres
Strait, in Townsville (ST593), Mornington Island (ST237), and
PortMoresby (ST248). The remaining two groups consisted of an
ST shared by Badu Island and Yam Island (the two aforemen-
tioned isolates which differed by fimbrial gene cluster analysis)
and a single ST common to three islands and Townsville (ST24,
represented by four isolates). Additionally, two STs from Badu
Island were represented by a single clinical isolate each and were
identified as single-locus variants differing only by 2 single-nucle-
otide polymorphisms (SNPs) in the lepA allele. Chi-squared good-
ness-of-fit calculations showed that STs were nonrandomly scat-
tered throughout the Torres Strait (2 61.9, df 4, P 0.001).
Despite being well represented, Thursday Island was an outlier in
that none of the STs were repeated, suggesting a greater diversity
of the clinical isolates from the island.
DISCUSSION
The single environmental clone of B. pseudomallei from Badu Is-
land did not match any previously reported STs, although the
closest match on the MLST database was to a clinical isolate from
Badu collected some years previously. Further sampling during
thewet season, when there is generally a higher recovery of isolates
(20), will aid in revealing more information about the environ-
mental niche of B. pseudomallei in the Torres Strait; this activity is
under way. While the environmental prevalence of the organism
on Badu Island is apparently lower than that in Darwin andmain-
land Queensland (20, 25), it is similar to that reported from the
nearby Western Province, Papua New Guinea (PNG) (26).
TABLE 1 Burkholderia pseudomallei isolates from the Torres Strait used in this studya
Isolate Location Year
No. of SNPs found for:
No. of STs in each isolate
determined by MLST Gene clusterace gltB gmhD lepA lipA narK ndh
TSI4 Badu Island 2003 1 2 22 2 5 2 1 592 BTFC
TSI5 Badu Island 2000 1 2 25 4 3 19 1 248 BTFC
TS75 Badu Island 2000 1 2 25 4 3 19 1 248 BTFC
TSI2 Badu Island 2003 1 2 3 4 1 2 1 468 BTFC
TSI6 Badu Island 2002 1 12 3 4 13 19 1 89 BTFC
TSI12 Badu Island 2006 1 12 3 1 13 19 1 596 BTFC
TSI36 Badu Island 2000 1 1 3 2 1 11 1 609 BTFC
TS68 Badu Island 2000 12 4 22 2 1 2 1 610 BTFC
BDU1b Badu Island 2011 1 2 3 4 6 61 1 900 BTFC
TSI3 Bamaga 2007 1 2 3 2 5 19 1 593 YLF
TSI7 Bamaga 2002 1 2 3 2 5 19 1 593 YLF
TSI8 Bamaga 2003 1 2 3 2 5 19 1 593 YLF
TSI9 Boigu Island 1999 1 4 3 2 1 2 1 594 BTFC
TSI15 Boigu Island 2006 9 12 13 2 1 45 11 598 YLF
TSI10* Hammond Island 1999 1 2 13 2 1 8 1 24 BTFC
TSI34* Hammond Island 2005 1 2 13 2 1 8 1 24 BTFC
TSI20 Mabuiag Island 1999 1 4 3 2 1 8 1 255 BTFC
TSI19 Mabuiag Island 2002 1 1 14 22 1 8 1 237 YLF
TSI22 Mabuiag Island 2003 1 1 14 22 1 8 1 237 YLF
TSI23 Mabuiag Island 2001 1 1 14 22 1 8 1 237 YLF
TSI37* Moa Island 1998 1 2 13 2 1 8 1 24 BTFC
TS50 Moa Island 1999 1 2 13 4 1 19 1 109 BTFC
TSI21 Moa Island 2005 1 41 13 2 1 6 1 608 BTFC
TSI35 Moa Island 2004 1 41 13 2 1 6 1 608 BTFC
TS129 Moa Island 2004 1 41 13 2 1 6 1 608 BTFC
TSI28 Saibai Island 1999 1 15 3 4 1 50 1 665 BTFC
TS2* Thursday Island 1996 1 2 13 2 1 8 1 24 BTFC
TS181 Thursday Island 2009 1 1 3 4 1 2 1 470 YLF
TSI30 Thursday Island 2004 15 39 13 4 5 12 1 605 BTFC
TSI31 Thursday Island 2005 1 23 13 4 15 2 1 606 YLF
TS16 Thursday Island 1996 1 2 46 2 1 26 1 666 BTFC
TS193 Thursday Island 2010 12 4 3 19 15 22 1 899 YLF
TSI32 Yam Island 2000 12 4 22 2 1 2 1 610 YLF
No. alleles 4 9 6 5 6 11 2 22
a Heavily shaded rows indicate multiple sequence types demonstrating localization to a single island. Boldface type indicates sequence types differing at only a single locus. Isolates
marked with an asterisk are MLST matches that were not localized to a single island community. Underlined STs are new MLST profiles described from this study (n 12).
b BDU1 is the sole environmental isolate.
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The genetic diversity of isolates collected from the Torres Strait
indicates that the organism has probably been present in the re-
gion for an extended period, yet this diversity is not randomly
distributed. Furthermore, this study failed to identify STs shared
between islands of the NearWestern cluster (which encompass 18
of these isolates and 13 STs) and provides strong evidence that free
movement of clones across relatively short stretches of ocean is
not a frequent occurrence. Interestingly, B. pseudomallei diversity
was more likely to be a feature of clinical isolates attributed to
Thursday Island. Thursday Island is part of the inner island group
and is the administrative and commercial hub of the Torres Strait.
It is readily accessible and has a relatively large transient and mo-
bile population compared to the outer islands.While the diversity
of the isolates from cases at Thursday Island may simply reflect
individuals who were infected elsewhere but were diagnosed at
Thursday Island, it is also possible that it may in part reflect ge-
netic recombination of imported isolates related to past human
and/or animal movements.
Although this phylogenetic analysis included mostly clinical
isolates of B. pseudomallei, the apparent localization of STs to in-
dividual island communities is compelling evidence that patients
are acquiring the organisms from a distinct reservoir specific to
each island. As in other examples of recently revealed foci of me-
lioidosis endemicity (20, 26, 27), these reservoirs may be suffi-
ciently novel that a reform of the public health messages may be
required to reduce exposure in local communities.
While MLST data are not suitable for the reconstruction of
deep phylogenetic relationships due to the high frequency of lat-
eral gene transfer between environmental Burkholderia spp. (12),
these data retain utility for typing isolates between laboratories
and across broad geographic regions. Previously, it has been re-
ported not only that isolates of B. pseudomallei fromAustralia and
Asia are distinct by MLST (8) but also that isolates from Queens-
land are distinct from those of the Northern Territory (28, 29).
The findings of this study indicate for the first time that STs can be
shared across state/territory boundaries within Australia. Isolates
from the Torres Strait share five STs from the Northern Territory
and even one with an environmental isolate from Thailand (TSI6,
Badu Island, ST89). It is unclear if this shared Thai ST is a result of
the patient’s travel history or of recombination of housekeeping
genes or indeed reflects a truly close relationship between a Badu-
acquired B. pseudomallei strain and the Thai isolate. The Badu
Island isolate, however, seems unlikely to be explained as being
from an imported case, as another clinical isolate from the island
(TSI12, ST596) shares six alleles with TS16 and is the only other
relative of the Thai isolate on the MLST database as identified by
eBURST (Fig. 2). Both isolates carry the BTFC gene cluster, how-
ever, which is uncommon amongAsian isolates (13). This finding,
therefore, may indicate either an artifact of chance recombination
or that the Thai environmental isolate was somehow imported
from this region of Australia or that the provenance or MLST
sequence data of the Thai strain are incorrect, as has occurred in a
previous study incorrectly linking Thai and Australian STs (29).
While higher-resolution molecular typing or, ideally, whole-ge-
nome sequence analysis is necessary to elucidate the true relation-
ships of such isolates to each other, this example highlights one of
the potential limitations of theMLST technique when applied to a
highly recombinogenic organism such as B. pseudomallei. Recom-
bination events are also the most probable explanation for the
identification of a single sequence type represented by both the
YLF and BTFC genotypes.
In conclusion, this characterization of B. pseudomallei isolates
from the Torres Strait has identified a nonrandom distribution of
sequence types which may reflect localized island biogeography.
Specific ecological niches of the organism require further explo-
ration. The diversity of B. pseudomallei isolates from the Torres
Strait may indicate long-distance relationships with isolates from
Queensland, theNorthernTerritory, PapuaNewGuinea, andper-
haps even Thailand. While the extent of genetic recombination
may place an element of doubt on some of these associations, the
relatively small-scale relationships which have identified nonran-
dom distribution of sequence types throughout the Torres Strait
are evidence that biogeographical boundaries, in this case ocean
passages, have limited the free distribution of B. pseudomallei
clones throughout the region. Trade and migration routes of hu-
FIG 2 eBURST diagram constructed using Burkholderia pseudomallei isolates from the Torres Strait. Burkholderia pseudomallei isolates from the Torres Strait
region (in red, numbered with sequence type identifiers) are compared to those from the rest of the world (in black). Connecting lines indicate single-locus
variants, while the circle size for each ST is indicative of the number of isolates of each sequence type recorded in the MLST database. Isolates in the outer ring
differ from isolates in the central cluster by two loci, while ST598 and ST605were not plotted because theywere divergent from the central cluster at three ormore
loci. Each asterisk indicates a YLF genotype.
Baker et al.
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mans and animals may have also influenced the distribution of B.
pseudomallei clones throughout this area.
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